Prospective studies on the role of psychosocial factors in heart failure development are virtually nonexistent. The authors aimed to address the effect of psychosocial factors on the risk of heart failure hospitalization in men and women free of cardiovascular disease. In 1991-1993, the 8,670 participants of the Copenhagen City Heart Study (Denmark) were asked comprehensive questions on major life events, work-related stress, social network, vital exhaustion, and sleep medication and were followed in nationwide registries until 2007, with less than 0.2% loss to follow-up. Almost one-fourth of the population reported some degree of vital exhaustion. The vital exhaustion score was associated with a higher risk of heart failure in a dose-response manner (P < 0.002), with high vital exhaustion being associated with a 2-fold higher risk of heart failure in both men (hazard ratio ¼ 1.93, 95% confidence interval: 1.20, 3.10) and women (hazard ratio ¼ 2.56, 95% confidence interval: 1.80, 3.65). Contrary to expectation, major life events, social network, and sleeping medication did not play an individual role for heart failure hospitalization. Because of the high prevalence of vital exhaustion in the population, even a modestly higher risk of heart failure associated with vital exhaustion may be of importance in the planning of future preventive strategies for heart failure.
Heart failure is one of the most common causes of hospital admission in people aged over 65 years, and up to 10% of the population in this age group is living with the condition (1) . Despite the availability of effective treatments, patients with heart failure continue to experience progressively worsening symptoms, frequent admission to the hospital, and premature death. Reduced physical functioning, role limitation, and lack of energy may interfere with daily activities as the condition worsens and thereby severely reduce the quality of life in patients living with heart failure (2). Underlying cardiovascular diseases, such as myocardial infarction and long-term hypertension, are the primary causes of heart failure (1) . Although psychosocial factors, such as work-related stress, depression, and economic hardship, are becoming established risk factors for ischemic heart disease and hypertension (3, 4) , epidemiologic studies that address the effect of psychosocial exposures on heart failure are almost nonexistent. An exception is a cross-sectional study based on the National Health Interview Survey, where a markedly higher level of distress was reported among individuals with self-reported heart failure than among individuals without cardiovascular disease (5) . However, a cross-sectional design makes it hard to tell causes apart from effects, and a prospective design is preferable, especially concerning a disease, which may itself lead to a high degree of distress.
Psychosocial risk factors can lead to a range of physiologic changes, such as increased blood pressure and insulin resistance, which may eventually affect disease risk (6) . Our primary hypothesis is that psychosocial risk factors affect the risk of heart failure through this physiologic stress response. However, the physiologic stress response is highly dependent on the type and the timing of the psychosocial factors, and we therefore aimed to establish the individual effects of a range of psychosocial risk factors on the risk of incident heart failure hospitalization (i.e., major life events in childhood, at work, and in adult life in general; vital exhaustion; structural and functional aspects of social network; and daily use of sleep medication as an indicator of severe sleeping problems, all of which are well established indicators of psychosocial stress) (7) .
MATERIALS AND METHODS

Study population
The Copenhagen City Heart Study is a longitudinal study initiated in 1976. An age-stratified random sample of 19,698 men and women 20-93 years of age were invited to participate in the study. A total of 14,223 individuals attended the first examination in 1976-1978. A physical examination was performed, and the participants were asked to fill in a questionnaire. At subsequent waves of the study in 1981-1983, 1991-1993, and 2001-2003 , the entire original sample and a number of new individuals were invited, and additional study assessments were performed for both new and continuing study participants at each wave. The vast majority of the participants were Caucasians, and all participants gave informed consent. A detailed description of the Copenhagen City Heart Study has been published elsewhere previously (8) . The questionnaire used for the third wave of the study in 1991-1993 included comprehensive measures of psychosocial factors, and the third wave is therefore used as the baseline for the present study. The 10,135 men and women who participated in the third wave of the study constituted a response proportion of 61%. Participants with a hospital discharge for heart failure (n ¼ 136) or ischemic heart disease (n ¼ 454) prior to baseline or with missing information on any of the covariates (n ¼ 875) were excluded, leaving 4,970 women and 3,700 men for the analyses.
Psychosocial risk factors
Measures of psychosocial risk factors included questions on major life events, vital exhaustion, social network, and daily use of sleep medication. The assessment of major life events was based on a shorter and modified version of the Social Readjustment Rating Scale (9) , and it included yes/ no questions on 1) major life events in childhood (long-term illness in parents, placed in care outside of the home, serious family conflicts, parents' long-term unemployment, serious economic problems), 2) major life events in adult life (serious and long-term illness in children, having children with major educational problems, major conflicts with adult children, marital problems, involved in a serious accident or long-term illness, death or long-term illness in a close family member, serious economic problems), and 3) major life events in work life (not achieving educational goals, job loss, not being promoted, serious conflicts with colleagues, supervisors, or charges). ''Vital exhaustion,'' a state characterized by unusual fatigue, loss of energy, increased irritability, and feelings of demoralization, was assessed by a 17-item questionnaire based on a condensed version of the vital exhaustion scale developed by Appels (10) , and items were summed into an item score ranging from 0 to 17. The item score was subsequently divided into 4 categories: 0, 1-4, 5-9, and 10-17 points, according to the categorization used previously in this cohort (11) . The structural aspects of social network were assessed on the basis of whether the participants were living alone (cohabitation) and the frequency of contact with family and friends. ''Regular contact'' was defined as contact with either family or friends a few times per month or more. The functional aspects of social network included the availability of intimate contacts and satisfaction with social network. Intimate contacts were assessed by the following question, ''Is there someone you can really talk to about personal issues?'' A negative response was defined as no intimate contact. Satisfaction with social network was divided into very, somewhat, and not at all satisfied. Self-reported daily intake of sleep medication was used as an indicator of severe sleeping problems, which have been shown to be highly correlated with stress (12) .
Covariates
Other covariates included age, educational attainment (<8 years, 8-10 years, or 11 or more years of formal schooling), family history of myocardial infarction (yes/no), systolic blood pressure, diastolic blood pressure, total cholesterol (continuous), self-reported diabetes (yes/no), physical activity in leisure time (sedentary or very light activity; 2-4 hours of light activity per week; more than 4 hours of light activity or 2-4 hours of high level activity; and competitional level or more than 4 hours of hard level activity per week), tobacco smoking (never smoker; former smoker; current smoker of 1-14 g/day, 15-24 g/day, and more than 24 g/day), body mass index (<25, 25-29, 30 kg/m 2 ), and alcohol intake (<1, 1-7, 8-14, 15-21, and 22 drinks/week). All covariates were measured at baseline in 1991-1993.
Follow-up
The participants were followed from the date of the third examination until the date of first hospital admission with heart failure (n ¼ 711), date of death (n ¼ 2,162), emigration out of Denmark (n ¼ 94), or end of follow-up on July 7, 2007 (n ¼ 5,703). Thus, less than 0.2% was lost to follow-up due to emigration. The average follow-up time was 15 years. By use of the civil registry number, which is unique to every Danish citizen, first-time hospital admission with heart failure was identified through linkage to the Danish Hospital Register. The Danish Hospital Register, which contains individual information on all hospital admissions for medical conditions in Denmark, has consistently used codes from the International Classification of Diseases (ICD), version 8 and, from 1994, version 10. The following ICD codes were used to identify hospitalization with heart failure: ICD, version 8 (codes 425.99, 427.09, 427.10, 427.11, 427.19, 428.99), and ICD, version 10 (codes I11.0, I25.5, I42.0, I42.6, I46.8, I42.9, I50.0, I50.1, I50.9).
Statistical analyses
Data were analyzed by means of Cox proportional hazards models with age as the time variable. All variables met the assumption of proportional hazards. Initially, we estimated hazard ratios and 95% confidence intervals of first time hospitalization with heart failure according to each of the individual psychosocial risk factors. By inclusion of age as the time variable, the estimates were soundly adjusted for confounding by age. A multivariate model was fitted to adjust for potential confounding from baseline covariates. Potential confounders were identified according to the methods of directed acyclic graphs (13) and included age, education, family history of myocardial infarction, systolic blood pressure, diastolic blood pressure, total cholesterol, and diabetes mellitus. Health-related behaviors including physical activity, tobacco smoking, and alcohol consumption, as well as body mass index, are most likely intermediates on the pathway between psychosocial risk factors and heart failure, but a very high alcohol intake, for example, may also affect an individual's social network and thereby be a potential confounder for the relation. Thus, we also fitted a model to further adjust for life style factors. All analyses were performed separately for men and women. Second, we assessed the relation between individual life events in childhood, at work, and in adult life in general and risk of heart failure hospitalization. In a sensitivity analysis, we repeated the analysis of vital exhaustion and heart failure hospitalization divided into heart failure with and without antecedent myocardial infarction. All individuals were free of ischemic heart disease at baseline, and individuals with heart failure who were hospitalized with a myocardial infarction between baseline and the date of their heart failure hospitalization were defined as cases with antecedent myocardial infarction. All other cases were defined as heart failure cases without antecedent myocardial infarction. On the basis of an interaction test, which showed lack of sex differences, men and women were combined for the sensitivity analysis in order to ensure sufficient statistical power.
RESULTS
Baseline characteristics
The mean age at baseline was 57 years and ranged from 21 to 93 years. Baseline characteristics in the total population and according to the vital exhaustion score are shown in Table 1 . Almost one-fourth of the population reported a medium-to-high degree of vital exhaustion. Women were generally more likely to report vital exhaustion than men, and those with a high vital exhaustion score were, on average, more likely to have a low level of education, to be current smokers, and to be physically inactive at baseline. Vital exhaustion was also associated with a higher prevalence of diabetes but a lower prevalence of hypertension.
Psychosocial risk factors and heart failure hospitalization Among 8,670 women and men free of cardiovascular disease at baseline, 711 were hospitalized with a primary diagnosis of heart failure during follow-up. Vital exhaustion was associated with a higher risk of heart failure hospitalization in a dose-response manner for both women and men (Tables 2 and 3 ). Women in the highest category of vital exhaustion had a hazard ratio of 2.56 (95% confidence interval (CI): 1.80, 3.65) for heart failure hospitalization compared with women with the lowest score. The corresponding hazard ratio for men was 1.93 (95% CI: 1.20, 3.10). The risk estimates for vital exhaustion attenuated after adjustment for life style factors, especially in men, which is most likely due to some of the effect being mediated through these factors. Although the number of major life events was not associated with heart failure hospitalization, a higher risk of heart failure hospitalization was observed among men who had experienced serious family conflicts in childhood (hazard ratio ¼ 1.45, 95% CI: 1.06, 2.00) and among women who reported major conflicts with adult children (hazard ratio ¼ 1.55, 95% CI: 1.06, 2.26) (data not shown). Structural and functional aspects of social network and daily intake of sleep medication were not associated with heart failure hospitalization in women or men.
To determine whether the observed association between vital exhaustion and heart failure hospitalization was due to an association with myocardial infarction, we also divided cases of heart failure hospitalization into those with antecedent myocardial infarction (n ¼ 123) and those without (n ¼ 563) (Table 4) . Vital exhaustion was associated with higher risk of both types of heart failure in a dose-response manner, although the risk estimates were unstable for heart failure with antecedent myocardial infarction because of the lower number of cases for this analysis.
DISCUSSION
In this large prospective study with comprehensive measures of psychosocial risk factors and register-based information on heart failure hospitalization, we identified a 2-to 3-fold higher risk of heart failure among men and women with vital exhaustion. Contrary to expectation, major life events in several life domains, social network, and sleep medication did not seem to play an important role for heart failure hospitalization.
The causal role of vital exhaustion on risk of heart failure has, to our knowledge, not previously been addressed in a prospective population-based study. However, heart failure patients with vital exhaustion symptoms have previously been shown to display a more adverse clinical outcome, such as impaired vagal tone and rehospitalization, than patients without vital exhaustion (14, 15) . Fatigue and depressive symptoms seem to comprise the 2 main components of vital exhaustion in patients with heart failure (14) , and heart failure patients with vital exhaustion or depression have a worse prognosis and are at increased risk of rehospitalization compared with nondepressed heart failure patients (16, 17) . Thus, vital exhaustion may play an important role in both the etiology and the prognosis of heart failure. Moreover, vital exhaustion has previously been shown to be associated with a higher risk of ischemic heart disease in several prospective studies (11, 18) , and some of the effect of vital exhaustion on the risk of heart failure hospitalization is most likely mediated through this pathway. The biologic mechanisms that link vital exhaustion to cardiovascular disease are not fully understood, but several mechanisms have been suggested, including hypothalamic-pituitary-adrenal axis dysregulation, automatic nervous system dysfunction, abnormal lipid metabolism, inflammation, cardiac arrhythmias, altered platelet function, low heart rate variability, and hypertension (16, 19, 20) . Additionally, vital exhaustion is known to affect such health-related behaviors as smoking, alcohol consumption, and physical activity, which are independent predictors of heart failure (19, 21, 22) .
Vital exhaustion is closely linked to depression, because of common characteristics such as fatigue and hopelessness. Only a few previous studies have prospectively addressed the relation between depression and heart failure, and these have mainly been among patient populations (23) (24) (25) . In accordance with the results of the present study, these studies have consistently found a higher risk of heart failure among depressed individuals. In addition, comparable risk estimates have been reported for the relation between clinical depression and incident ischemic heart disease (26, 27) . In a smaller population-based study from the United States, Williams et al. (25) found depression to be an independent risk factor for heart failure among elderly women but not elderly men. Our results do not support such sex differences.
Despite the facts that several studies have previously found major life events, lack of social network, and sleep problems to be risk factors for cardiovascular disease (27) (28) (29) (30) (31) and that the level of social support and style of coping have been identified as prognostic factors for heart failure (32, 33), we found no clear effects of these factors on risk of heart failure hospitalization. A possible explanation may be that each individual has different coping capacities and is not equally susceptible to external demands, such as major life events or strain from social relations. In addition, the life event measures may account for only a fraction of an individual's stress burden, and some studies have even suggested that most people can successfully handle 1 or 2 stressful life events but that problems arise when stressors accumulate (34) .
Heart failure is the end-stage of several diseases of the heart, and the psychosocial factors may affect several steps in the disease process. The psychosocial factors may affect behaviors and risk factors known to promote the development of coronary disease and hypertension, the treatment of these conditions, their likelihood of causing myocardial damage, the use of interventions to prevent myocardial damage, and behaviors promoting progression of existing myocardial damage. Differentiating the effect of psychosocial factors on each of these steps may be important in terms of planning future preventive strategies, but unfortunately we were not able to do such differentiation in the present study.
Strengths and limitations
To our knowledge, this is the first prospective study to comprehensively address the relation between psychosocial (4) 26 (4) 25 (4) 26 (5) 26 (5) Abbreviations: CI, confidence interval; HR, hazard ratio; IR, incidence rate. a The total number of cases of heart failure in women was 390, but because of missing values, the numbers for some of the variables do not add up. b Adjusted for age, education, family history of myocardial infarction, systolic blood pressure, diastolic blood pressure, total cholesterol, and diabetes mellitus.
c Further adjusted for physical activity, tobacco smoking, body mass index, and alcohol consumption. Abbreviations: CI, confidence interval; HR, hazard ratio; IR, incidence rate. a The total number of cases of heart failure in men was 321, but because of missing values, the numbers for some of the variables do not add up. b Adjusted for age, education, family history of myocardial infarction, systolic blood pressure, diastolic blood pressure, total cholesterol, and diabetes mellitus.
c Further adjusted for physical activity, tobacco smoking, body mass index, and alcohol consumption.
risk factors and heart failure hospitalization in a large population sample of women and men free of cardiovascular disease at baseline. The third wave of the Copenhagen City Heart Study included a large array of questionnaire data by use of standardized psychosocial scales, allowing us to comprehensively measure psychosocial risk factors. Linkage of civil registry numbers to nationwide population-based registers enabled identification of first-time hospital admission for heart failure and allowed for nearly complete long-term follow-up. We used hospital admission with heart failure as a proxy measure of heart failure incidence, but hospital admission may, in addition to incidence, reflect a greater likelihood of hospitalization. A recent validation study from Denmark found that a diagnosis of heart failure from the National Hospital Discharge Register carries a specificity of 99% and a sensitivity of 29%, meaning that the diagnosis accurately identifies patients with clinical heart failure but that the diagnosis is severely underreported (35) . If such underreporting were associated with exposure status, one may be concerned that it could have affected our results, and we cannot fully exclude the possibility for detection bias. An example of such bias would be if individuals with no social network were less likely to get hospitalized with heart failure. In this case, a possible relation between social network and heart failure hospitalization would be underestimated.
Less than 20% of the cases of heart failure hospitalization included in the present study were defined as cases with antecedent myocardial infarction, which means that they had been admitted to the hospital with a diagnosis of myocardial infarction between baseline and the date of their admission with heart failure. The proportion is lower than expected but is most likely explained by the fact that some heart failures may be due to unrecognized cardiac events, which are obviously not identified in the hospital discharge registers. The distinction between cases of heart failure with and without antecedent events is therefore not clear-cut in the present study.
Even though we included an extended range of psychosocial risk factors in this study, we are aware that these measures do not fully capture a person's life-time experiences. In addition, several of the included measures of psychosocial risk factors may only partly reflect the underlying constructs. For example, daily sleep medication was used as an indicator of sleep problems, but it is not actually a measure of sleep quality. Unfortunately, we did not have information on clinical depression in the present study, and the distinction between vital exhaustion and depression is therefore not clear-cut. However, of those who are exhausted, only 20% have previously been found to meet the Diagnostic and Statistical Manual of Mental Disorders (DSM) criteria for major depression (36) .
The measure of vital exhaustion was administered every 10 years, starting in 1991-1993, but insufficient statistical power unfortunately prevented a distinction between transient and chronic vital exhaustion even after 15 years of follow-up. Although vital exhaustion seems to be relatively stable over time in the present study, with almost 60% reporting some degree of vital exhaustion at both baseline and 10 years later, our risk estimates may still have been weakened by fluctuations in vital exhaustion over time.
Roughly half of the patients with symptomatic heart failure have reduced systolic function, and the causes of heart failure in patients with preserved systolic function differ from those with reduced systolic function (1) . Unfortunately, the Danish Hospital Discharge Register does not contain Abbreviations: CI, confidence interval; HR, hazard ratio. a Adjusted for age, sex, education, family history of myocardial infarction, systolic blood pressure, diastolic blood pressure, total cholesterol, and diabetes mellitus.
b Further adjusted for physical activity, tobacco smoking, body mass index, and alcohol consumption.
information on cardiac structure and function, and we were therefore not able to address whether psychosocial factors affected different functional classes of heart failure and systolic function differently.
In conclusion, heart failure is a major cause of morbidity and mortality. With an increasingly older population, heart failure is a significant public health challenge, which makes it important to identify modifiable risk factors for the disease. Almost one-fourth of the participants in the present study experienced some degree of vital exhaustion, and we found vital exhaustion to be associated with a higher risk of heart failure hospitalization. So, even with modestly higher risk of heart failure hospitalization associated with vital exhaustion, this factor may be important to consider both in clinical practice and when planning prevention strategies for heart failure. Contrary to expectation, we did not find support for a causal role of major life events, social network, and sleeping medication in heart failure hospitalization.
